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OPTICAL INTERCONNECTION CIRCUIT BOARD 
AND MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-301062, ?led Sep. 29, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an optical inter 
connection circuit board and a method of manufacturing the 
circuit board. More particularly, the invention relates to an 
optical interconnection circuit board having an optical 
Waveguide for optically connecting different LSIs at high 
speeds and to a method of manufacturing the circuit board. 

[0004] 2. Description of the Related Art 

[0005] Recently, electronic devices as bipolar transistors 
and ?eld-effect transistors have been improved in terms of 
their performance. The clock frequency of the LSI has 
increased so that the LSI may operate at a remarkably high 
speed. HoWever, the operating speed of a printed circuit 
board With LSIs mounted thereon is designed to operate at 
a speed loWer than the operating speed of each LSI. The 
operation speed of the rack on Which the printed circuit 
board is mounted is suppressed to be even loWer. This is 
because the clock frequency must be loWered to prevent the 
deterioration of signals. In this regard, it should be noted that 
the transmission loss in the Wires, the signal noise and the 
electromagnetic trouble increase as the operation clock 
frequency increases. To reduce the deterioration of the signal 
it is necessary to lengthen the Wires that connect the LSIs. 
In vieW of this, the operation frequency cannot be raised as 
high the internal operation clock frequency of the LSI. Even 
if the LSIs, Which are active devices, can operate high 
speeds, there is no Way but decreasing the operating speed 
of an electronic Wiring module. 

[0006] In vieWs of the aforementioned problem of the 
electronic Wiring module, several optical connection mod 
ules for connecting the LSIs have been proposed. The 
optical connection module virtually has no frequency depen 
dency, in terms of loss in a frequency region from DC to tens 
gigahertZ or more. It has no electromagnetic troubles or 
causes no noise even if the ground potential change in the 
Wiring path. Therefore, the optical connection module can 
transmit signals at tens of Gbps is possible. The optical 
connection module can operate at a very high speed on 
printed circuit boards or on the rack holding a printed circuit 
board. 

[0007] To provide such an optical connection module, it is 
necessary to connect LSIs by optical Waveguides or optical 
?bers. Generally, the optical connection in an optical con 
nection module is achieved by aligning and connecting 
substrates, each having a ?at optical Waveguide, or by 
aligning and connecting optical ?bers. Since it takes much 
time to align the substrates or optical ?bers, the productivity 
of the optical connection module is inevitably loWer that that 
of the electronic Wiring module that comprises LSIs. To 
mount an electronic element, such as a semiconductor laser, 
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a photodiode or the like, on an optical connection module, 
a notch is made in the optical Waveguide and the electronic 
element is set in the notch. The position of the notch and the 
kind of the element set in the notch differ from module to 
module. This means that optical connection modules need to 
be designed, one by one. 

[0008] The substrate of the optical connection module is 
generally ?at. The light input/output part therefore eXtends 
at right angels to the substrate. An optical-path angle con 
verter for changing the optical path by 90° is provided in the 
optical Waveguide, and the optical components are mounted 
on the substrate. HoWever, no optical-path angle converters 
have been realiZed, Which are highly productive and ef? 
cient. 

[0009] Hitherto, various methods have been practiced to 
mount the optical components. In one method, the optical 
Waveguide is mechanically cut at 45° to re?ect a light beam 
at right angles. In another method, a 45°-mirror is mounted 
at an output port of the optical Waveguide. The method of 
cutting the optical Waveguide at 45° can be used, but only at 
the ends of the connection module. A method of cutting the 
optical Waveguide obliquely by dicing or laser process is 
generally employed. Another method of grinding the optical 
Waveguide obliquely for each substrate is Well knoWn. 

[0010] Of the methods of providing the 45°-mirrors, the 
method of aligning micro 45°-mirrors With an optical ter 
minal is the simplest. To reduce mechanical arranging 
process, a neW method has been proposed. In this method, 
the optical Waveguide board and the micro mirrors are 
produced separately and bonded together. (See, for eXample, 
Society of Photo-Optical Instrumentation Engineering: SPIE 
Vol.3288, p.79). 

[0011] FIG. 1 shoWs the optical Waveguide board pro 
vided With micro mirrors described in the above document. 
As FIG. 1 shoWs, the micro 45°-mirrors 3 are provided on 
the mirror board 1. Note that reference numeral 15 denotes 
an optical Waveguide board, reference numeral 4 designate 
an optical Waveguide core layer, and reference numerals 2 
and 5 represent clad layers. In FIG. 1, the arroWs indicate 
the direction in Which optical signals travel. Optical devices, 
LSIs and the like are mounted on the substrate 15 and 
electrically connected. 

[0012] In these methods, an optical beam can undergo 
orthogonal transform. With the method of cutting the optical 
Waveguide, hoWever, it is difficult to form an optical input/ 
output portion at any position and in any direction in the 
substrate. If many optical input/output portions are provided, 
the productivity Will decrease. In the method of mounting 
external mirrors, not only the substrate becomes compli 
cated, but also mounting failure or pollution is likely to 
occur because these mirrors are mechanically mounted. The 
problems described above hamper an increase in the pro 
ductivity of the optical connection modules, rendering it 
dif?cult to manufacture highly general-purpose optical con 
nection modules at loW cost. 

[0013] Jan. Pat. Appln. KOKAI Publication No. 2000 
114581 discloses a method, in Which active devices, such as 
semiconductor laser, photo diode and driving IC, are buried 
in the optical interconnection circuit board. The active 
devices are electrically connected to an electric Wiring 
substrate. The electric Wiring substrate is mounted on the 
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optical connection board. Another method is proposed in 
Society of Photo-Optical Instrumentation Engineers: SPIE 
Vol.3288, p.133. In this method, the substrate is made rough 
at one surface to deform its loWer clad layer, and a mirror is 
mounted on the deformed portion. 

[0014] In the ?rst-mentioned method, the LSI is mounted 
by ordinary electric connection. An ordinary mounting 
scheme such as soldering re?oW can therefore be applied. 
HoWever, the active devices are buried in the mounting 
substrate, the structure can hardly enlarged to tens of cen 
timeters due to thermal distortion, and Wiring for the mount 
ing is not suitable for general purpose. In the second 
mentioned method, the optical Waveguide and electric 
Wiring are formed on the optical connection board, Without 
performing any other treatment. The structure can be easily 
enlarged, and its mounting Wiring pattern can be altered by 
changing the photolithography mask to another. 

[0015] FIG. 2 shoWs the structure based on Society of 
Photo-Optical Instrumentation Engineers: SPIE Vol.3288, 
p.133. In FIG. 2, reference numeral 1 designates a substrate, 
reference numeral 2 a cladding layer of the optical 
Waveguide, reference numeral 4 a core layer of the optical 
Waveguide, reference numeral 5 a cladding layer of the 
optical Waveguide, and reference numeral 3 denotes a buried 
mirror provided directly in contact With the optical 
Waveguide core layer 4. As shoWn in FIG. 2, the substrate 
1 and the cladding layer 2 have an uneven surface. The 
buried mirror 3 is formed by vapor-depositing metal on a 
slope corresponding to the border of the unevenness of the 
cladding layer 2. With this conventional structure, the light 
Wave traveling through the optical Waveguide is partially 
picked up. In the structure of FIG. 2, the intermediate 
terminal of optical bus functions as an optical tap. Here, the 
mirror 3 functions as an optical split mirror. 

[0016] In this conventional structure, the height of the split 
mirror 3 is less than the thickness of the optical Waveguide 
core layer 4. The split mirror 3 is buried in the optical 
Waveguide core layer 4. Therefore, the mirror 3 splits a part 
of guided light Wave, and the remaining part of the light 
Wave can be distributed to a folloWing optical Waveguide to 
guide the light Wave from the split mirror 3. Since the optical 
Waveguide is a multi-mode Waveguide, the light Wave split 
by the mirror 3 can miX With the light Wave passing over the 
mirror 3. Hence, optical distribution can be designed easily 
by simulating the traveling of the light Wave. Further, the 
light Wave thus guided can be input to the optical split 
portion from outside. The basic function as a signal bus can 
therefore be realiZed With a simple structure. 

[0017] HoWever, the substrate 1 and the loWer clad layer 
3 have an uneven surface in this conventional structure. The 
core layer 4 inevitably has an uneven surface. The energy 
loss in the light Wave traveling through the optical 
Waveguide is large. That is, the guided light Wave produces 
a mode transformation loss at the border of the unevenness 
or at a bent portion of the core layer 4. The loss is greater 
than in a ?at optical Waveguide. This conventional structure 
is disadvantageous in that the energy loss in the guided light 
Wave is too large. Since the buried mirror 3 is designed to 
achieve partial splitting, it, used as an optical path transfor 
mation mirror for optical transmission, reduces the opening 
area of a light incident section to a value less than the 
sectional area of the optical Waveguide. Assume that vertical 
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splitting ef?ciency of the buried type mirror 3 is 10% (1/ 10 
split). Then, the sectional area of the optical transmission 
beam needs to be 1/10 the sectional area of the optical 
Waveguide. 

[0018] Generally, converging light beam results in an 
increase in the divergent angle of the beam. In vieW of this, 
it is no use to converge the beam so much that an angle 
eXceeds a numeral aperture of an optical Waveguide. Here 
arises the problem that optical coupling ef?ciency of the 
optical transmission portion may fall in some cases. This 
problem cannot help but be accepted as necessity. Nonethe 
less, it leads to an energy loss in the optical transmission of 
a one-Way distribution of signal. Further, at an end portion 
of the optical Waveguide, the guide light Wave other than 
split light may emerge from the Waveguide or may be 
re?ected in an opposite direction. In this case, crosstalk Will 
occur With other optical Waveguide, or multi-re?ection Will 
take place in the optical Waveguide. This generates a delay 
noise signal. 

[0019] In the conventional structure described above, the 
split mirror or the buried mirror 3 is inclined due to 
deformation of the substrate. It is therefore required that the 
unevenness be made in the substrate and, hence, in the loWer 
clad layer, too. This structure imposes restrictions on the 
material, siZe and the like of the substrate material. Conse 
quently, the process of controlling the unevenness and the 
depth therefore is complicated, and the manufacturing 
method is dif?cult to control. To avoid this problem, the 
substrate may be made by molding. This method can indeed 
applied to mass-produce the same substrates. HoWever, it 
requires a large initial investment for the mold, and the 
Wiring pattern cannot be altered easily. In other Words, this 
method is not a general-purpose one. 

[0020] As described above, in the optical connection 
board for optically connecting LSIS, a highly practical 
90°-optical path transform mechanism has not been yet 
realiZed. The productivity cannot be raised, and the manu 
facturing cost cannot be loWered. 

BRIEF SUMMARY OF THE INVENTION 

[0021] Accordingly, an object of the present invention is to 
provide an optical connection board and a method of manu 
facturing the same, each capable of realiZing a 90°-optical 
path transform mechanism that minimiZes an optical cou 
pling loss and accomplishes optical termination When the 
LSIs are mounted on the general-purpose optical connection 
board, thereby enhance the productivity and reduce the 
manufacturing cost. 

[0022] To achieve the object, according to one aspect of 
the present invention, there is provided an optical intercon 
nection circuit board for guiding an optical signal, compris 
ing: 

[0023] 
[0024] a ?rst clad layer having a ?at surface, Which 

is formed on the surface of the substrate; 

[0025] a core layer con?gured to guide the optical 
signal in a predetermined direction, formed on the 
?at surface of the ?rst clad layer and eXtended in the 
predetermined direction; 

a substrate having a surface; 



US 2002/0039475 A1 

[0026] a second clad layer formed on the core layer; 
and 

[0027] a ?rst rnirror segment having a ?rst rnirror 
face con?gured to re?ect the optical signal guided in 
the core layer through the second clad layer to the 
outside thereof, the ?rst rnirror segrnent being 
formed on the ?at surface of the ?rst clad layer, and 
the ?rst rnirror face being contacted to the core layer. 

[0028] According to second aspect of the present inven 
tion, there is also provided an optical interconnection circuit 
board for guiding an optical signal, cornprising: 

[0029] 
[0030] a ?rst clad layer having a ?at surface, Which 

is formed on the surface of the substrate; 

[0031] a core layer con?gured to guide the optical 
signal in a predetermined direction, formed on the 
?at surface of the ?rst clad layer and extended in the 
predetermined direction; 

[0032] 
[0033] a ?rst terrnination rnirror segrnent having a 

?rst tip end and a ?rst rnirror face con?gured to 
re?ect the optical signal guided in the core layer 
through the second clad layer to the outside thereof, 
the ?rst terrnination rnirror segrnent being formed on 
the ?at surface of the ?rst clad layer and extending 
across the core layer in a lateral direction crossing 
the predetermined direction, the ?rst tip end contact 
ing the second clad layer, and the ?rst rnirror face 
being contacted to the core layer; 

[0034] a second terrnination rnirror segrnent having a 
second tip end and a second rnirror face con?gured 
to re?ect the optical signal into the core layer, the 
optical signal being incident on the second rnirror 
segment from the outside of the circuit board through 
the second clad layer, the second rnirror segrnent 
being formed on the ?at surface of the ?rst clad layer 
and extending across the core layer in the lateral 
direction, the second tip end contacting the second 
clad layer, and the second rnirror face being con 
tacted to the core layer; and 

[0035] a ?rst splitting rnirror segrnent having a third 
rnirror face con?gured to re?ect a part of the optical 
signal guided from the second terrnination rnirror 
segrnent through the second clad layer to the outside 
thereof and to alloW the remaining optical signal to 
pass over the ?rst splitting rnirror segment, the ?rst 
splitting rnirror segrnent being formed on the ?at 
surface of the ?rst clad layer betWeen the ?rst and 
second terrnination rnirror segment, and the third 
rnirror face being contacted to the core layer. 

a substrate having a surface; 

a second clad layer formed on the core layer; 
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[0040] 
[0041] a ?rst splitting rnirror segrnent having a ?rst 

rnirror face con?gured to split the optical signal into 
?rst and second optical signal components and guide 
the ?rst and second optical signal components into 
the core layer, the optical signal being incident on the 
?rst splitting rnirror from the outside of the circuit 
board through the second clad layer, the ?rst splitting 
rnirror segrnent being formed on the ?at surface of 
the ?rst clad layer, and the ?rst rnirror face being 
contacted to the core layer; 

[0042] a ?rst terrnination rnirror segrnent having a 
?rst tip and a second rnirror face con?gured to re?ect 
the ?rst optical signal component guided in the core 
layer through the second clad layer to the outside 
thereof, the ?rst terrnination rnirror segrnent being 
formed on the ?at surface of the ?rst clad layer and 
extending across the core layer in a lateral direction 
crossing the predetermined direction, the ?rst tip end 
contacting the second clad layer, and the second 
rnirror face being contacted to the core layer; and 

[0043] a second terrnination rnirror segrnent having a 
second tip and a third rnirror face con?gured to 
re?ect the second optical signal component guided in 
the core layer to the optical unit through the second 
clad layer, the second terrnination rnirror segrnent 
being formed on the ?at surface of the ?rst clad layer 
and extending across the core layer in the lateral 
direction, the second tip end contacting the second 
clad layer, and the third rnirror face being contacted 
to the core layer. 

a second clad layer formed on the core layer; 

[0044] Furthermore, according to fourth aspect of the 
present invention, there is also provided an n optical inter 
connection circuit board for guiding an optical signal, corn 
prising: 

[0045] 
[0046] a ?rst clad layer having a ?at surface, Which 

is formed on the surface of the substrate; 

[0047] a ?rst core segment con?gured to guide the 
optical signal in a ?rst predeterrnined direction, 
formed on the ?at surface of the ?rst clad layer and 
extended in the ?rst predeterrnined direction; 

[0048] a second core segment con?gured to guide the 
optical signal in a second predetermined direction 
different from the ?rst predeterrnined direction, 
formed on the ?at surface of the ?rst clad layer and 
extended in the second predetermined direction; 

[0049] an optical coupling rnirror con?gured to opti 
cally couple the ?rst core segment to the second core 

a substrate having a surface; 

[0036] Further, according to third aspect of the present 
invention, there is also provided an n optical interconnection 
circuit board for guiding an optical signal, cornprising: 

[0037] 
[0038] a ?rst clad layer having a ?at surface, Which 

is formed on the surface of the substrate; 

[0039] a core layer con?gured to guide the optical 
signal in a predetermined direction, formed on the 
?at surface of the ?rst clad layer and extended in the 
predetermined direction; 

segment, the optical signal guided in the ?rst core 
segment being re?ected from the optical coupling 
mirror, the optical coupling rnirror being formed on 
the ?at surface of the ?rst clad layer and contacted to 
the ?rst and second core segments, and extending in 
the third predeterrnined direction different from the 
?rst and second directions; 

[0050] a second clad layer formed on the ?rst and 
second core segments and the optical coupling rnir 
ror; and 

a substrate having a surface; 
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[0051] a re?ection layer formed on the second clad 
layer, con?gured to re?ect the optical signal from the 
optical coupling mirror and redirect the optical signal 
to the optical coupling mirror through the second 
clad layer, the redirected optical signal being 
re?ected from the optical coupling mirror into the 
second core segment and propagated in the second 
core segment. 

[0052] Still further, according to a ?fth aspect of the 
present invention, there is provided a method of manufac 
turing an optical interconnection circuit board for guiding an 
optical signal, comprising: 

[0053] preparing a substrate having a surface; 

[0054] forming a ?rst clad layer having a ?at surface, 
on the surface of the substrate; 

[0055] forming a mirror layer on the ?rst clad layer; 

[0056] etching the mirror layer to form a mirror 
segment having a re?ection face thereon and having 
a ?rst height; 

[0057] forming a core segment on the ?rst clad layer, 
the core segment having a second height not greater 
than the ?rst height and being so eXtended as to have 
a predetermined optical circuit pattern; and 

[0058] 
layer. 

covering the core segment With a second clad 

[0059] Still furthermore, according to a siXth aspect of the 
present invention, there is provided a method of manufac 
turing an optical interconnection circuit board for guiding an 
optical signal, comprising preparing a substrate having a 
surface; 

[0060] forming a ?rst clad layer having a ?at surface, 
on the surface of the substrate; 

[0061] forming a mask layer on the ?rst clad layer, 
the mask layer having an opening region; 

[0062] depositing a mirror layer on the ?rst clad layer 
under the opening region of the mask layer to form 
a mirror on the ?rst clad layer, the mirror having a 
re?ection face thereon and having a ?rst height; 

[0063] forming a core segment on the ?rst clad layer, 
the core segment having a second height not greater 
than the ?rst height and being so eXtended as to have 
a predetermined optical circuit pattern; and 

[0064] 
layer. 

covering the core segment With a second clad 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0065] FIG. 1 is a sectional vieW schematically shoWing 
a conventional optical connection board; 

[0066] FIG. 2 is a sectional vieW schematically illustrat 
ing another conventional optical connection board; 

[0067] FIG. 3 is a perspective vieW schematically shoW 
ing part of an optical connection board according to a ?rst 
embodiment of the present invention; 

[0068] FIG. 4 is a sectional vieW, taken along the aXis of 
the optical Waveguide core shoWn in FIG. 3; 
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[0069] FIG. 5 is a perspective vieW schematically shoW 
ing part of an optical connection board according to a second 
embodiment of the invention; 

[0070] FIG. 6 is a sectional vieW, taken along the aXis of 
the optical Waveguide core shoWn in FIG. 5; 

[0071] FIG. 7 is a perspective vieW schematically depict 
ing part of an optical interconnection circuit board according 
to a third embodiment of the invention; 

[0072] FIGS. 8A to 8F are sectional vieWs eXplaining a 
method of manufacturing an optical connection board 
according to a fourth embodiment of the present invention; 

[0073] FIGS. 9A and 9B are sectional vieWs, eXplaining 
a method of manufacturing the mirror portion provided on 
the optical connection board illustrated in FIG. 7; 

[0074] FIGS. 10A and 10B are sectional vieWs, eXplain 
ing a method of manufacturing the mirror portion in the ?fth 
embodiment of the present invention; 

[0075] FIG. 11 is a perspective vieW schematically shoW 
ing part of an optical connection board according to a siXth 
embodiment of this invention; 

[0076] FIG. 12 is a sectional vieW schematically shoWing 
the siXth embodiment, With optical rods connected to it; 

[0077] FIG. 13 is a top vieW schematically shoWing part 
of an optical connection board according to a seventh 
embodiment of the invention; 

[0078] FIG. 14 is a perspective vieW schematically depict 
ing part of the optical connection board shoWn in FIG. 13; 

[0079] FIG. 15 is a sectional vieW schematically shoWing 
part of the optical connection board according to an eighth 
embodiment of this invention; 

[0080] FIGS. 16A to 16C are sectional vieWs eXplaining 
a method of manufacturing an optical connection board 
according to a ninth embodiment of the present invention; 

[0081] FIG. 17 is a top vieW of a part of an optical 
connection board according to a tenth embodiment of the 
invention; 
[0082] FIG. 18 is a perspective vieW of a part of an optical 
connection board according to a tenth embodiment of the 
present invention; and 

[0083] FIG. 19 is a perspective vieW of an optical and 
electrical connection board according to a modi?ed embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0084] Optical connection boards according to the 
embodiments of the present invention Will be described in 
detail With reference to the accompanying draWings. 

[0085] First, an optical connection board according to the 
?rst embodiment of the invention Will be described With 
reference to FIGS. 3 and 4. 

[0086] AS FIG. 3 shoWs, the optical connection board 
comprises a substrate 1 having a ?at surface, a loWer clad 
layer 2 having a refractive indeX n2 and formed on the ?at 
surface of the substrate 1, a termination mirror 3 formed on 
a ?at surface of the loWer clad layer 2, an optical Waveguide 
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core 4 having a refractive index n1 and formed on the ?at 
surface of the loWer clad layer 2, and an upper clad layer 5 
having the refractive index n2 and formed on the ?at 
surfaces of the optical Waveguide core 4 and the termination 
mirror 3. The loWer clad layer 2, or the ?rst clad layer, is 
provided on the substrate 1, for con?ning a light Wave or 
optical signal in the core 4. The termination mirror 3 is a 
holloW member having a re?ection face. The mirror 3 may 
be ?lled With a refractive member or metal to form a 
re?ector having a re?ection face. The optical Waveguide 
core 4, or an optical Wave core layer, is provided to guide 
light Wave or optical signal. The upper clad layer 5, or 
second clad layer, is provided for con?ning the light Wave or 
optical signal in the Waveguide core 4. The upper clad layer 
5 is indicated by broken lines in FIG. 3. In FIG. 3, the arroW 
indicates the direction in Which light Wave or an optical 
signal is propagated. 

[0087] FIG. 4 shoWs a cross section of the optical con 
nection board of FIG. 3, taken along the axis of the optical 
Waveguide core 4. In FIG. 4, the reference numerals iden 
tical to those used in FIG. 3 designate the same components. 
The termination mirror 3 is located in the optical Waveguide 
core 4 at the same level as the optical Waveguide core 4 and 
is so extended in a lateral direction of the optical Waveguide 
core 4 to cross the optical Waveguide core 4. The mirror 3 
has a re?ection face inclined at about 45° to the direction in 
Which the optical Wave or signal is propagated in the optical 
Waveguide, i.e., the ?at surface of the clad layer 2. There 
fore, the optical signal is re?ected upWard by 90° from the 
inclined re?ection face of the termination mirror 3. 

[0088] The substrate 1 may be made of any material, as 
long as it can serve to provide an optical connection board. 
It can be made of, for example, silicon, ceramic, glass 
reinforced epoxy resin, or the like. The clad layers 2 and 5 
and the optical Waveguide core 4 may be made of, for 
example, glass-based material having its refractive index 
adjusted by adding impurity to quartZ (SiO2) or multi 
component glass. Alternatively, the layers 2 and 5 may be 
made of polymer such as polyimide ?uoride, acryl, or epoxy. 
The refractive index n1 of the optical Waveguide core 4 is set 
higher than, and has a speci?c ratio to, the refractive index 
n2 of the clad layers 2 and 5. The optical Waveguide core 4 
has, for example, the height of 5 pm and Width of 20 pm. 

[0089] The termination mirror 3 is formed by one of tWo 
alternative methods. In the ?rst method, material capable of 
re?ecting optical signal is buried in the optical Waveguide 
core 4. The material may be metal to be formed into a mirror 
or a loW-refractive material to be formed into an optical 
prism at Which the optical signal having an incident angle of 
45° is totally re?ected. In the second method, a spacer is 
embedded in the optical Waveguide core 4 and removed 
therefrom, making a cavity in the optical Waveguide core 4 
so as to form an interface surface betWeen the cavity and the 
Waveguide core 4. The cavity may be ?lled With the air or 
other gas, preferably, an inert gas such as He, Ne, Ar or N 
gas. The termination mirror 3 has a height of vertex of 5 pm 
and a Width of 30 pm as measured in the direction the mirror 
3 extends across the core 4 that has the dimensions speci?ed 
above. 

[0090] The optical connection board shoWn in FIG. 4 is 
one optical input and one optical output type. That is, the 
termination mirror 3 located at one side of the optical 
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connection board as shoWn in the left part of FIG. 4 
functions as a coupler for light input side. An optical signal 
is applied at right angles to the surface of the optical 
connection board. The optical signal input to the terminal 
mirror is re?ected in the optical Wave core 4 from the 
re?ection face of the termination mirror 3, i.e., the interface 
betWeen the termination mirror 3 and the optical Waveguide 
core 4. The re?ected optical signal is propagated in the 
optical Waveguide core 4 and guided into the other side of 
the termination mirror 3. It is then re?ected from the 
re?ection face of the other side termination mirror 3 and 
output from the optical connection board. Since the termi 
nation mirror 3 so extends as to across the optical Waveguide 
core 4, most of the optical signal is incident on the re?ection 
face at an incident angle falling Within a numerical aperture 
of the optical Waveguide core 4 so that the most of the 
optical signal is guided into the optical Waveguide. In other 
Words, most of the optical signals is optically coupled to the 
optical Waveguide. Since the termination mirror 3 is buried 
in the optical Waveguide core 4, it is easy for the upper clad 
layer 5 to have a ?at surface. Moreover, the optical connec 
tion board can be formed to have a ?at surface, because the 
board is not provide With the 45°-inclined cut faces, an 
external mirror, and the uneven surfaces or sides. 

[0091] In the construction shoWn in FIGS. 3 and 4, there 
are provided core sections outside the optical coupling core 
section located betWeen the termination mirrors 3. HoWever, 
no optical signal can enter into the core sections, since the 
most of the input optical signal is re?ected at 90° at the 
termination mirror of the optical Waveguide. Thus, other 
optical coupling paths, Which are continuous to the termi 
nation mirror 3, can be formed independent of the optical 
coupling core section located betWeen the termination mir 
rors 3. No space for separating the optical coupling paths 
needs to be provided at the optical Waveguide end portion, 
since the termination mirror 3 optically isolates the optical 
coupling paths from each other. High-density optical paths, 
or optical Waveguides, can be formed on the optical con 
nection board. 

[0092] The optical connection board according to a second 
embodiment Will be described With reference to FIGS. 5 
and 6. FIG. 5 shoWs part of the optical interconnection 
circuit board. FIG. 6 is a sectional vieW, taken along the axis 
of the optical Waveguide core 4. The component similar to 
those shoWn in FIGS. 3 and 4 are designated at the same 
reference numerals, and Will not described in detail. 

[0093] In the optical connection board of FIGS. 5 and 6, 
three mirrors 6 are provided betWeen tWo termination mir 
rors 3, for splitting an input optical signal. Each split mirror 
6 has a face inclined at about 45° to the signal-guiding 
direction of the optical Waveguide, like the termination 
mirror 3. The mirrors 6 extend across the optical Waveguide 
core 5. The mirrors 6 have a small height than the optical 
Waveguide core 5, unlike the termination mirror 3. In other 
Words, their height is smaller than the thickness of the core 
5. Thus, a core region for guiding the optical signal is 
provided over the mirrors 6. As a result, a part of the guided 
Wave is re?ected upWards at 90°, While the remaining part 
of the Wave passes through the core region and reaches the 
termination mirror 3. At the termination mirror 3, the optical 
signal is re?ected upWards at 90°. 

[0094] The components of the second embodiment are of 
same structure as those of the ?rst embodiment. More 
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precisely, each split mirror 6 has been made in one of tWo 
alternative methods. In the ?rst method, material capable of 
re?ecting optical signal is buried in the optical Waveguide 
core 4. The material may be metal or a loW-refractive 
material in Which light applied at 45° is totally re?ected. In 
the second method, a space is embedded in the optical 
Waveguide core 4 and removed therefrom, making a cavity 
in the optical Waveguide core 4. As in the ?rst embodiment, 
the termination mirror 3 has a height of vertex of 5 pm and 
a Width of 30 pm as measured in the direction in Which the 
mirror 3 extends across the core 4. The split mirrors 6 have 
a height of vertex of 15pm and a Width of 30 pm as 
measured in a direction in Which they extend across the core 
4. 

[0095] The optical connection board shoWn in FIGS. 5 
and 6 is suitable for distributing a one-Way signal such as a 
clock signal. The termination mirror 3 shoWn in the left part 
of FIG. 6 functions as an optical input coupler. An optical 
signal is applied at right angles to the surface of the 
connection board. Since the termination mirror 3 extends 
across the optical Waveguide core 4, the optical signal is 
applied to the interface betWeen the termination mirror 3 and 
the optical Waveguide core 4, or the inclined face, at an angle 
that falls Within the numerical aperture of the optical 
Waveguide core 4. Most of the optical signal is therefore 
coupled to the optical Waveguide. 
[0096] The coupled optical signal travels through the 
optical Waveguide. That part of the optical signal, Which 
corresponds to a sectional area of the split mirror 6, is 
re?ected upWards at 90° by the split mirror 6. The remaining 
part of the optical signal, not re?ected by the ?rst split mirror 
6, further travels through the optical Waveguide until it 
reaches the second mirror 6 or the termination mirror 3. In 
the second embodiment, 30% of the input optical signal is 
distributed by the ?rst split mirror 6, 21% thereof by the 
second split mirror 6, 15% thereof by the third split mirror 
6, and 34% thereof by the third split mirror 6. 
[0097] An optical connection board according to the third 
embodiment of the invention Will be described With refer 
ence to FIG. 7. 

[0098] FIG. 7 is a sectional vieW shoWing part of the third 
embodiment of the present invention. The components iden 
tical to those shoWn in FIG. 6 are denoted at the same 
reference numerals Will not be described in detail. 

[0099] As shoWn in FIG. 7, the optical connection board 
comprises a light-absorbing segment 7 for absorbing unnec 
essary optical signal. The light-absorbing segment 7 is 
provided on the upper clad layer 5, to absorb optical signal 
re?ected from the termination mirror 3. The other compo 
nents are of the same structure as those of the ?rst and 
second embodiments. The light-absorbing segment 7 may be 
formed by an appropriate material selected in accordance 
With the Wavelength of the optical Wave that may be applied 
to it. If the light applied to it has Wavelength of 0.85 pm, the 
segment 7 may be made of semiconductors such as Si or Ge, 
or polymer containing carbon or dye. 

[0100] In the optical interconnection circuit board shoWn 
in FIG. 7, each split mirror 6 functions as an optical tap. The 
optical connection board has an optical transmission termi 
nal and operates as a distribution type optical bus. The ?rst 
split mirror 6, shoWn in the right part of FIG. 7, transmits 
light, Whereas the second and third split mirrors 6 output 
optical signals. 
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[0101] In the optical transmission terminal, the optical 
Wave is applied to the vertex of the ?rst split mirror 6, With 
its axis aligned With the vertex. The light beam is therefore 
distributed equally to the right and left parts of the ?rst split 
mirror 6. The optical signal thus distributed enters the 
optical Waveguide. A part of the optical signal, Which is 
proportional to the cross-sectional area of the split mirror 6, 
is re?ected upWard at 90° from the second split mirror 6. The 
remaining part of the optical signal, not re?ected from the 
second split mirror, further travels through the optical 
Waveguide and is then re?ected upWard at 90° from the third 
split mirror 6. The remaining part of the optical signal 
reaches the termination mirror 3. If the remaining part of the 
optical signal is re?ected back from the termination mirror 
3, it Will travel back to each split mirror 6. Consequently, this 
part of the signal is superimposed on the signal ?rst 
received. This Will cause a data error. To prevent such a data 
error, the optical signal re?ected from the termination mirror 
3 is applied to the light-absorbing segment 7. The segment 
7 absorbs the optical signal, preventing the signal from 
traveling back to any split mirror 6. As a result, no optical 
signals are superimposed one upon another at the split 
mirrors 6. 

[0102] The light transmission terminal is not limited to the 
split mirror 6 shoWn in the right part of FIG. 7. Rather, each 
split mirrors 6 can transmit and receive light. The light 
transmitting function and the light-receiving function of 
each mirror 6 can be dynamically sWitched, from one to the 
other. In the structure shoWn in FIG. 7, the optical absorbing 
segments 7, provided on both sides, absorb optical signals. 
The segments 7 may be replaced by photosensitive elements 
for monitoring the optical signal, Which function as optical 
bus monitors. 

[0103] In the light transmission terminal, the axis of the 
optical Wave is aligned With the vertex of the split mirror 6. 
Nevertheless, the axis of the beam may be deviated from the 
vertex of the mirror 6, thus changing the light-distributing 
ratio betWeen the right part and left part of the mirror 6. For 
example, in the optical signal propagation shoWn in FIG. 7, 
only the termination mirror (i.e., the optical termination 
terminal or the optical bus monitor) is provided on the right 
side. Instead, tWo split mirrors 6 are arranged on the left side, 
thereby to apply more light to the left side than to the right 
side. In this case, it is desirable to locate the axis of the 
optical Wave on the left side to the vertex of the split mirror. 
Where the axis of the optical Wave should be positioned 
depends upon the structure of the optical connection board. 

[0104] A method of manufacturing the optical connection 
board shoWn in FIG. 7, Which is the fourth embodiment of 
the invention, Will be described With reference to FIGS. 8A 
to SF. The board is a multi-chip optical connection module 
(MCM), in Which a polymer-based optical Waveguide is 
formed on the Si substrate. 

[0105] As shoWn in FIG. 8A, a loWer clad layer 2 is 
formed on the entire surface of the Si substrate 1. Alayer 6A, 
Which Will be processed into split mirrors, is formed on the 
loWer clad layer 2. Aphotoresist 8 is formed on the layer 6A 
and is patterned. Note that the loWer clad layer 2 is made of, 
for example, loW-refractive polyimide ?uoride. It has been 
formed to a thickness of 50 pm, by means of spin coating, 
spray coating, dispenser coating or the like, and by cured 
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With heat. The layer 6A has been formed by sputtering, 
vapor deposition or the like. It is made of copper and is 1.5 
pm thick. 

[0106] The photoresist 8 is several times as thick as the 
layer 6A. For example, it is 3 pm thick, that is, tWice as thick 
as the layer 6A. If the split mirrors 6 are 1.5 pm in height and 
30 pm in Width, the optical Waveguide Will have a Width of 
3 pm, as measured in the light-guiding direction. The 
patterned photoresist 8 is a rectangular layer having the siZe 
of 6 pm><33 pm. This reason Why Will be described later. 

[0107] Next, as shoWn in FIG. 8B, the split mirrors 6 are 
by etching the photoresist 8. 
[0108] Next, as shoWn in FIG. 8C, a photoresist 9 is 
formed on the loWer clad layer 2, covering and protecting 
the split mirrors 6. Then, a layer 3A is formed on the entire 
surface of the resultant structure, by means of sputtering, 
vapor deposition or the like, covering the loWer clad layer 2 
and the photoresist 9. The layer 3A is made of, for example, 
copper and is 5 pm thick. As compared to the ?nal pattern 
Width of the termination mirror 3, a photoresist 10 is formed 
on the layer 3A and pattered. The patterned photoresist 10 is 
several times as thick as the layer 3A. For example, it is 10 
pm thick, that is, tWice as thick as the layer 3A. If the split 
mirror 6 is 5 pm in height and 30 pm in Width, the optical 
Waveguide Will have a Width of 10 pm, as measured in the 
light-guiding direction. Therefore, the patterned photoresist 
10 is a rectangular layer having the siZe 20 pm><40 pm. This 
reason Why Will be described later. 

[0109] Then, as shoWn in FIG. 8D, the termination mir 
rors 3, each having an apex angle of 45°, are formed by 
etching the photoresist 10 and removing the photoresist 9. 
Further, the optical Waveguide core 4 is formed on the entire 
surface of the loWer clad layer 2 by spin coating, spray 
coating, dispenser coating or the like. The core 4 is made of, 
for example, high-refractive polyimide ?uoride and is 5 pm 
thick. The optical Waveguide core 4 is cured With heat. At 
this time, the core 4 covers the split mirrors 6 and the 
termination mirrors 3 and bulges up at the parts that lie on 
the mirrors 3 and 6. The upper surface of the core 4 is 
rendered ?at by means of grinding, dummy resist coating, 
dry etching or the like. As a result, the vertexes of the 
termination mirrors 3 are exposed. The optical Waveguide 
core 4 is patterned to have a desired Width of, for example, 
20 pm. The patterning is accomplished by dry etching using 
photoresist, that is, by removing the unnecessary parts. 
Alternatively, the core 4 is patterned by refractive shifting, 
in Which the core layer is irradiating With light. 

[0110] As shoWn in FIG. 8E, the optical Waveguide core 
5 is formed by spin coating, spray coating, dispenser coating 
or the like and then by thermal curing. The core 5 covers the 
termination mirrors 3 and the optical Waveguide core 4. The 
optical Waveguide core 5 is made of, for example, loW 
refractive polyimide ?uoride and is, for example, 20 pm 
thick. When the optical Waveguide core 4 is patterned by 
removing unnecessary parts, a step may be formed betWeen 
each part of the core 5, Which lies on a termination mirror 
3 and the adjacent part of the core 5, Which does not lie on 
the mirror 3. To eliminate such a step, tWo methods can be 
used. In the ?rst method, a dummy optical Waveguide core 
is left, Which does not lie on the optical coupling section. In 
the second method, the optical Waveguide core 5 is formed 
thick and ground to a desired thickness to have a ?at upper 
surface. 
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[0111] As shoWn in FIG. 8F, a layer 7 is formed on the 
entire surface of the optical Waveguide core 5. The layer 7 
is made of, for example, Ge and is 5 pm thick. It has been 
formed ?rst by sputtering, vapor deposition or the like. A 
photoresist (not shoWn) is formed on the layer 7 and 
pattered. Using the patterned photoresist as mask, selective 
etching is performed on the layer 7, thereby forming the 
light absorbing segments 7 that lie above the termination 
mirrors 3 as is illustrated in FIG. 7. Alternatively, the light 
absorbing segments 7 may be formed on the optical 
Waveguide core 5 by means of selective deposition using 
lift-off technique or a metal mask. The structure shoWn in 
FIG. 7 is thus obtained. 

[0112] The method described above has no step of 
mechanically grinding for forming mirrors having an apex 
angle of 45°. Nor does it have a step of mounting external 
components. Hence, the method can utiliZe ordinary multi 
layer forming technique, i.e., mass production of printed 
circuit boards and semiconductor devices. The optical con 
nection board according to the invention can therefore be 
manufacturing at loW cost. 

[0113] HoW to provide mirrors having an apex angle of 
45° Will be described in detail, With reference to FIGS. 9A 
and 9B, Which are sectional vieWs explaining the step of 
forming the termination mirrors 3. 

[0114] As shoWn in FIG. 9A, the layer 3A is formed on the 
loWer clad layer 2. The photoresist 10 is formed on the layer 
3A and is patterned such that the layer 3A Will be processed 
into mirrors 3, each having an apex angle 45°. The layer 3A 
may be made of copper, gold, silver, aluminum or the like, 
the optical connection board is one to receive input light 
signals are near-infrared rays or infrared rays, having a 
Wavelength ranging, for example from 0.85 pm to 1.3 pm. 
The layer 3A has been formed by sputtering, vapor deposi 
tion or the like and is, for example, 5 pm thick. 

[0115] Further, the photoresist 10 is several times as thick 
as the layer 3A, for example tWice. For example, it is tWice 
as thick, or 10 pm thick. If the split mirrors are 5 pm in 
height and 30 pm in Width, the optical Waveguide Will have 
a Width of 10 pm, as measured in the light-guiding direction. 
Therefore, the patterned photoresist 10 is a rectangular layer 
having the siZe of 20 pm><40 pm. 

[0116] As shoWn in FIG. 9B, the layer 3A is subjected to 
Wet etching or dry etching and any method, in accordance 
With the other etching conditions. In the present instance, the 
Wet etching is carried out as Will be described. 

[0117] The layer 3A may be made of copper. In this case, 
the etching solution used is ferric chloride solution, cupric 
chloride solution, solution of sulfuric acid and hydrogen 
peroxide, or diluted hydrochloric acid. If the layer 3A is 
made of gold, the etching solution is aqua regia (i.e., solution 
of chloride acid and sulfuric acid), solution of iodine, 
potassium iodide and potassium hydroxide, or solution of 
chloride acid and hydrogen peroxide. If the layer 3A is made 
of silver, the etching solution is diluted sulfuric acid or 
solution of ammonia and hydrogen peroxide. If the layer 3A 
is made of aluminum, the etching solution is sodium hydrox 
ide solution or solution of phosphoric acid, sulfuric acid and 
acetic acid. Thus, the etching solution is selected from many, 
in accordance With material of the layer 3A. 

[0118] Generally, metal layers are etched by so-called 
“isotropic etching.” The isotropic proceeds along an arc at 














